Background: The renal damage that is present in primary aldosteronism might reflect functional and potentially reversible abnormalities that are initiated by glomerular hyperfiltration. The aim of this study was to investigate the relationships of plasma renin and aldosterone concentrations with renal outcomes after treatment of primary aldosteronism.
R ecent evidence indicates a greater frequency of primary aldosteronism among hypertensive patients than the previously accepted prevalence of approximately 1%. Such increased frequency, which may exceed 10% (1, 2) , may be the result of a more efficient identification of this endocrine disorder in which excess aldosterone secretion causes hypertension, hypokalemia, and suppression of renin secretion (3) . High plasma or urinary aldosterone and low plasma renin concentrations are the typical hormonal findings that lead to a diagnosis of primary aldosteronism, and the aldosterone-to-renin ratio has come to widespread use as a screening diagnostic test (4, 5) .
Although primary aldosteronism has long been considered a relatively benign form of hypertension (6, 7) , recent studies suggest that long-term exposure to high aldosterone levels might lead to cardiovascular (8) and renal (9) structural damage that seems to occur independent of the BP level. With respect to the kidney, animal studies support the role of aldosterone in the progression of renal vascular disease (10 -13) , but the clinical evidence of the contribution of this hormone to renal dysfunction is limited (14 -16) . In fact, the majority of initial reports indicated that primary aldosteronism is less likely to cause overt renal damage (6, 7, 17, 18) , and two recent studies with short-term (19) and long-term (20) follow-up consistently demonstrated that the renal dysfunction of primary aldosteronism is closely related with the hemodynamic adaptation of the kidney to the effect of aldosterone excess.
Because primary aldosteronism is frequently resistant to treatment with common antihypertensive agents, patients could be susceptible of more severe hypertension-related intrarenal vascular injury that might cause glomerular hypoperfusion and subsequent escape of renin from suppression by excess aldosterone. In this study, we evaluated predictors of renal outcomes in patients with primary aldosteronism and tested the hypothesis that lack of complete suppression of plasma renin might be an indicator of more severe renal damage in patients with primary aldosteronism and might predict BP and renal outcomes after treatment.
Materials and Methods

Patients
Fifty-six consecutive patients who received a diagnosis of primary aldosteronism from January 1994 to December 2004 were included in an observational, prospective study. Recruitment of patients, criteria that were used for diagnosis, methods that were used to assess renal function, and follow-up have been described in detail in previous publications (20, 21) . All patients were referred to the Hypertension Clinic of our university for evaluation of their hypertensive state. BP was measured by a mercury sphygmomanometer after each patient had been supine for at least 15 min. The average of three readings that were obtained in 5 min was recorded. Hypertension was diagnosed according to current guidelines (22) . All hypertensive patients who are seen at the clinic are screened with extensive clinical and laboratory testing to determine the cause of hypertension (23) . Four (7%) patients with primary aldosteronism were taking no antihypertensive drug, five (9%) patients were on monotherapy, and the remaining 47 (84%) patients had multidrug treatment with a mean of 2.8 antihypertensive agents per patient. Patients who were treated with antihypertensive drugs were withdrawn from treatment a minimum of 2 wk before diagnostic assessment. ␤ blockers, lipophilic calcium antagonists, angiotensin-converting enzyme inhibitors, and angiotensin receptor blockers were withdrawn for 3 wk (24) . No patient was taking mineralocorticoid receptor antagonists before the study.
Patients with primary aldosteronism were screened by the demonstration of an increased plasma aldosterone-to-active renin ratio (Ն20 pg/ml) (25) in the presence of a plasma aldosterone concentration of Ͼ150 pg/ml, and in all patients, the diagnosis was confirmed by the lack of aldosterone suppression after an intravenous saline load (2 L of 0.9% saline infused over 4 h) (26) . The suppression test was considered diagnostic when plasma aldosterone concentration was Ͼ50 pg/ml after saline infusion. This test has been shown to be highly effective in the distinction of both tumoral and idiopathic aldosteronism from low-renin essential hypertension (27) . All measurements were performed under a normal sodium diet, and 24-h urinary sodium excretion was assessed in all patients. Renal artery stenosis was excluded in all patients by angiographic computed tomography (CT) scan and, in patients with measurable plasma active renin (Ͼ2.5 pg/ml), by selective renal angiography (23) . Plasma potassium concentration of Յ3.5 mmol/L was corrected by oral potassium supplementation before assessment of the plasma aldosterone-to-active renin ratio and saline suppression test (2) . Adrenal adenoma was differentiated from idiopathic aldosteronism by high-resolution CT scan, followed by selective adrenal vein sampling with measurements of both aldosterone and cortisol to ensure the adequacy of the cannulation and/or adrenal scintigraphy with iodocholesterol that was performed under dexamethasone suppression. Selective adrenal vein sampling is the gold standard procedure for differentiation between tumoral and idiopathic disease (28) and was performed in 14 of 56 patients. This might have led to underestimation of the relative percentage of adrenal adenoma in our cohort. In all patients who had adrenal adenoma and underwent adrenalectomy, diagnosis was confirmed by histology. Primary aldosteronism was treated by either unilateral adrenalectomy or spironolactone, and treatment was followed by normalization of BP (Ͻ140/90 mmHg without the aid of antihypertensive agents with the exception of spironolactone) or significant improvement of hypertension (decrease in mean BP by Ͼ20% and/or fewer antihypertensive agents taken to control BP at follow-up) in all patients.
A total of 323 patients with essential hypertension served as hypertensive control subjects for baseline comparisons. These patients were recruited at our hypertension clinic and selected by frequency matching after specification of inclusion criteria to avoid age, gender, body mass index, and estimated duration of hypertension as potential confounding variables. Among patients with essential hypertension, 12% were taking no antihypertensive drug, 19% were on monotherapy, and 69% had multidrug treatment with a mean of 2.1 antihypertensive agents per patient. In these patients, secondary causes of hypertension were excluded on the basis of exhaustive laboratory testing after appropriate drug washout (24) .
A total of 113 normotensive individuals served as control subjects. These subjects were selected from the general population of the same geographic area as the hypertensive patients by frequency matching, after specification of inclusion criteria to avoid age and gender as potential confounding variables. Normotensive control subjects were not taking any regular medications and did not have any concomitant disease. Informed consent was obtained from all patients, and the study protocol was approved by the ethics committee of our university.
Renal Function, Treatment, and Follow-Up
Renal function was measured at baseline in patients with primary aldosteronism, patients with essential hypertension, and normotensive individuals and after either surgical or medical treatment in patients with primary aldosteronism. Measurements included assessment of creatinine clearance and albuminuria and were performed as described previously (29) . Briefly, duplicate 24-h urine collections were obtained for determination of creatinine clearance and urinary albumin excretion, and the average was considered. Creatinine clearance was normalized for body surface area and expressed in milliliters per minute per 1.73 m 2 . Creatinine concentrations in serum and urine were measured by a modification of the Jaffé reaction (30) . Urinary albumin excretion was measured by RIA (26) . When duplicate measurements of creatinine clearance or albuminuria differed by Ͼ10%, additional measurements were obtained. Throughout this article, GFR and albuminuria refer, respectively, to the mean of two separate measurements of 24-h creatinine clearance and urinary albumin excretion expressed as the log-transformed urine albumin-to-creatinine ratio. Albuminuria was normalized for urinary creatinine because previous studies consistently demonstrated glomerular hyperfiltration in patients with primary aldosteronism (19, 20, 31) . Plasma active renin and plasma aldosterone concentrations were measured by RIA according to current guidelines (32) in plasma samples that were obtained with patients in the sitting position.
Patients with primary aldosteronism were treated by either adrenalectomy or administration of spironolactone (from 50 to 300 mg/d). Of the 30 patients with adrenal adenoma, 25 underwent either surgical or laparoscopic adrenalectomy; among the remaining five patients, two had bilateral adenoma and three refused surgery and were treated with spironolactone. Patients with primary aldosteronism were followed up after treatment with periodic visits during which antihypertensive therapy was adjusted according to the physician judgment to reach a target value of Ͻ140/90 mmHg (20) . In addition to lifestyle recommendations, use of all categories of antihypertensive agents was permitted. Creatinine clearance and albuminuria were reassessed at 6 mo and after an average follow-up of 6.2 yr (range 1 to 11 yr). Use of antihypertensive drugs during follow-up was defined as receipt of the specific drug for Ͼ50% of follow-up visits.
Statistical Analyses
Continuous data are expressed as means Ϯ SD unless otherwise indicated. Variables with skewed distribution were analyzed after logarithmic transformation. Characteristics of the study participants were compared among groups by analysis of covariance. Baseline P values are reported either for overall comparisons among all groups or for pairwise comparisons, with the Bonferroni correction. Categorical variables were compared with the use of the Pearson 2 test. The relationships between variables was examined by linear regression analysis, and the correlation was expressed by the correlation coefficient. Changes from baseline of renal parameters were assessed by two-way ANOVA. Stepwise multivariate analysis was performed to identify variables that were independently associated with changes in renal parameters after treatment and included all variables that were identified in univariate analysis. All tests for significance and resulting P values were two sided, with a level of significance of 0.05. All data analyses were performed with a GBStat 6.5 software (Dynamic Microsystems, Silver Spring, MD).
Results
Adrenal adenoma was demonstrated in 30 of 56 patients with primary aldosteronism, whereas the remaining 26 had idiopathic disease. Baseline clinical and biochemical characteristics of the study participants are summarized in Table 1 . Patients with primary aldosteronism and essential hypertension had comparable BP levels and estimated duration of hypertension. Creatinine clearance was significantly higher in patients with primary aldosteronism than in patients with essential hypertensive and normotensive individuals. Urinary albumin excretion was higher in the primary aldosteronism (22 mg/24 h; interquartile range 9 to 38) than in the essential hypertensive (16 mg/24 h; interquartile range 6 to 28; P Ͻ 0.02) group, but this difference was eliminated when albuminuria was normalized for urinary creatinine concentration, indicating the possibility that increase in absolute values could be due to increased filtration. In patients with primary aldosteronism, no significant differences were observed between those with adrenal adenoma or idiopathic disease.
As shown in Figure 1 , despite long-standing hypertension, only four (7%) of the 56 patients with primary aldosteronism had creatinine clearance of Ͻ60 ml/min per 1.73 m 2 , whereas the prevalence of such patients among those with essential hypertension was 11% (P ϭ 0.40). Patients with primary aldosteronism were grouped according to plasma renin, using the lower limit of detection with our method (2.5 pg/ml), and plasma aldosterone concentrations, using the median value for the distribution (225 pg/ml). Frequency of female gender was relatively, although not significantly, higher in patients who had plasma renin Ͼ2.5 pg/ml (P ϭ 0.112). Patients with primary aldosteronism and plasma renin of Ͼ2.5 pg/ml (n ϭ 16) had significantly higher BP, plasma potassium, and albuminuria and lower creatinine clearance than patients with suppressed renin levels (n ϭ 40; Table 2 ). Patients who had plasma aldosterone concentrations above the median value had significantly lower plasma potassium b BMI is defined as the weight in kilograms divided by the square of the height in meters. c BP was measured after appropriate washout of antihypertensive drugs as referred to in text. d Values are those that were measured before correction with oral supplementation. e Plasma active renin was lower in patients with primary aldosteronism than in patients with essential hypertension (P ϭ 0.002).
f Plasma aldosterone was higher in patients with primary aldosteronism than in patients with essential hypertension (P Ͻ 0.001) and normotensive individuals (P Ͻ 0.001).
g Creatinine clearance was higher in patients with primary aldosteronism than in patients with essential hypertension (P Ͻ 0.001) and normotensive individuals (P ϭ 0.016).
h Urinary albumin excretion was higher in patients with primary aldosteronism than in patients with essential hypertension (P ϭ 0.019).
ml/min per 1.73 m 2 [P Ͻ 0.05], respectively), whereas there was no difference in albuminuria. Creatinine clearance was correlated inversely with plasma renin (r ϭ Ϫ0.565, P Ͻ 0.001) and, after exclusion of patients with levels of Ͻ60 ml/min per 1.73 m 2 , directly with plasma aldosterone (r ϭ 0.372, P Ͻ 0.01) but not with plasma potassium concentrations.
Follow-Up
Patients with primary aldosteronism were followed up after treatment (25 adrenalectomy; 31 spironolactone) for an average period of 6.2 yr (median 5.9 yr; range 1 to 11 yr). No patient discontinued the study, and compliance at the scheduled visits was superior to 90%. During the first 6 mo, plasma potassium concentrations increased significantly and BP declined with a Figure 1 . Plasma aldosterone, plasma renin, and GFR values in 56 patients with primary aldosteronism. Four (7%) of the 56 patients with primary aldosteronism had GFR of Ͻ60 ml/min per 1.73 m 2 . These four patients had plasma active renin in a normal/ high-normal range; nonetheless, their aldosterone-to-active renin ratio was elevated and plasma aldosterone levels were not suppressed by the intravenous saline load. Before diagnosis of primary aldosteronism, all four patients had hypertension that was resistant to treatment with four to five antihypertensive drugs, the average estimated duration of their hypertensive disease was 14 yr, and their BP after drug washout was 188/113 mmHg. In these patients, renal arteriography and other tests for secondary hypertensive diseases yielded no pathologic findings. One patient underwent adrenalectomy, and the other three, one with bilateral adenoma, one who refused surgery, and one with idiopathic disease, were treated with spironolactone. In all four patients, hypertension was controlled after treatment with use of only one additional antihypertensive agent. In the patient who underwent adrenalectomy, intraoperative renal biopsy showed arteriolosclerosis of intrarenal vessels with sparse hyalinized glomeruli and mild interstitial fibrosis that were indicative of hypertensive vascular damage. mean value that, during the course of the study, was 136/82 mmHg. After treatment, patients with baseline plasma active renin Ͼ2.5 pg/ml reached BP values that were comparable to those of patients with lower active renin (Figure 2) , with average values that, during the course of the study, were 138/82 and 135/82 mmHg, respectively. Treatment was followed by normalization of BP in 22 (39%) patients with primary aldosteronism: 19 of these patients had baseline plasma renin Ͻ2.5 pg/ml, and three had plasma renin Ͼ2.5 pg/ml (P Ͻ 0.05). Hypertension was significantly improved in the remaining 34 (61%) patients with primary aldosteronism (21 with plasma renin Ͻ2.5 pg/ml and 13 with plasma renin Ͼ2.5 pg/ml). The average number of antihypertensive agents used during follow-up was significantly greater in patients with higher baseline plasma renin (2.4 Ϯ 0.7) than in those with lower plasma renin (2.0 Ϯ 0.6; P Ͻ 0.05). Factors that were associated with normalization of BP in a univariate analysis were younger age (P ϭ 0.021), shorter duration of hypertension (P ϭ 0.008), lower mean BP (P ϭ 0.012), higher creatinine clearance (P ϭ 0.004), and lower pretreatment renin concentrations (P ϭ 0.007). According to a stepwise multivariate logistic analysis, normalization of BP was independently associated with lower pretreatment renin concentrations (P ϭ 0.011) and higher creatinine clearance (P ϭ 0.009). Neither decrease of BP nor the number of antihypertensive drugs used during follow-up differed between patients with higher and lower pretreatment plasma aldosterone levels.
During the first 6 mo, creatinine clearance decreased in patients with primary aldosteronism, and the decrease was significantly greater (P ϭ 0.004) in patients with pretreatment plasma renin Ͻ2.5 pg/ml than in patients with plasma renin above this limit ( Figure 2 ). Higher pretreatment plasma aldosterone was also associated with significantly greater decline of creatinine clearance (P ϭ 0.009; Figure 2 ). Subsequent rates of change of creatinine clearance were independent of pretreatment renin or aldosterone levels. Additional variables that were associated with greater decline of creatinine clearance were higher pretreatment creatinine clearance (P Ͻ 0.001) and lower pretreatment plasma potassium (P ϭ 0.013). In the stepwise multivariate analysis, both pretreatment plasma renin (P ϭ 0.008) and aldosterone (P ϭ 0.014) remained independently associated with the early decline in creatinine clearance. In the initial 6 mo of follow-up, patients with lower pretreatment plasma renin had significantly greater decrease in albuminuria (P Ͻ 0.05) than patients with higher renin levels, but in the stepwise multivariate analysis, statistical significance was eliminated after inclusion of creatinine clearance. Changes in albuminuria were not significantly different in patients with higher and lower pretreatment plasma aldosterone. Albuminuria did not change significantly during long-term follow-up in all patient subgroups. Separate analysis of patients who had primary aldosteronism and were treated with adrenalectomy or aldosterone antagonists did not reveal any significant difference between groups during short-term and long-term follow-up (Figure 3 ). In the follow-up period, plasma active renin levels increased significantly in all patients (from 4.8 Ϯ 6.5 to 8.7 Ϯ 5.7 pg/ml; P ϭ 0.014), whereas plasma aldosterone decreased significantly in adrenalectomized patients (from 259 Ϯ 174 to 188 Ϯ 162 pg/ml; P ϭ 0.029) but did not change significantly in patients who were treated with aldosterone antagonists (from 242 Ϯ 211 to 229 Ϯ 187 pg/ml).
Discussion
In a subanalysis of a study that was conducted in a large group of patients with primary aldosteronism, we examined the relationships of plasma renin and aldosterone levels with pre-and posttreatment renal function. Our results demonstrate that suppressed plasma renin and higher plasma aldosterone are associated with higher GFR in these patients and are independent predictors of early decline of glomerular filtration after either surgical or medical treatment. Higher pretreatment plasma renin is associated with less frequent normalization of BP and smaller decline in albuminuria during follow-up, indicating that renin escape from suppression by excess aldosterone might be a marker of more severe hypertension-related renal damage.
This study demonstrates that detection of decreased glomer- Figure 2 . Values (means Ϯ SEM) of mean BP, plasma potassium, GFR, and albuminuria (urine albumin-to-creatinine ratio [UA:UCr]) in 56 patients who had primary aldosteronism and were categorized according to their plasma renin concentrations using the lower limit of detection for plasma active renin with our method (2.5 pg/ml; left) and plasma aldosterone concentrations using the median value of the distribution (225 pg/ml; right). Variables were measured at baseline and after treatment with adrenalectomy (n ϭ 25) or mineralocorticoid antagonists (n ϭ 31). Short-term and long-term follow-up measurements were done after 6 mo and after an average period of 6.2 yr (range 1 to 11 yr), respectively. *P Ͻ 0.05 versus patients with plasma active renin concentrations Ͻ2.5 pg/ml or versus patients with plasma aldosterone concentrations Ͻ225 pg/ml. ular filtration is not frequent in patients with primary aldosteronism even after many years of disease with BP out of adequate control. GFR of Ͻ60 ml/min per 1.73 m 2 was found in only 7% of patients. These patients had more severe hypertension and longer duration of disease than the remaining patients with primary aldosteronism; nonetheless, their BP responded very well to treatment (Figure 2 ). In these patients, plasma renin activity was in a normal/high-normal range, suggesting underlying intrarenal vascular damage causing glomerular ischemia and renin escape from suppression by aldosterone excess. In one of our patients, secondary hypertensive kidney damage was confirmed by histology. These findings are in agreement with those of Oelkers et al. (33) , who reported the case histories of three patients who had primary aldosteronism without suppressed plasma renin and in whom severe hypertension was associated with histologic demonstration of arteriolosclerotic renal damage.
Although preclinical studies indicate that aldosterone per se might cause important renal damage (9 -13), the clinical evidence supporting a direct role of this hormone as a potential contributor to renal dysfunction is limited. In the clinical setting, a simple model to assess possible detrimental effects of aldosterone on the kidney is primary aldosteronism, a condition in which the effects of aldosterone are isolated from those of the renin-angiotensin axis. Past cross-sectional evaluations of renal function in primary aldosteronism showed high variability in the prevalence of clinically relevant renal damage (17,18,34 -36) . In a 9-yr follow-up study, we showed that primary aldosteronism is characterized by partially reversible renal dysfunction (20) , and demonstration that albuminuria is a marker of a hemodynamic rather than a structural renal defect has been reported also by Ribstein et al. (19) in a short-term, postadrenalectomy evaluation of patients with adrenal adenoma. In agreement with the findings of studies that were conducted in more experimental settings (37) (38) (39) , longitudinal studies consistently demonstrate that the hallmark of renal dysfunction in primary aldosteronism is reversible glomerular hyperfiltration that contributes to increase urinary albumin losses.
In our cohort of patients with primary aldosteronism, the percentage of those without suppressed plasma renin was 29%, the same as that found by Blumenfeld et al. (34) in their analysis of 82 patients. We observed that these patients have higher BP levels, longer estimated duration of hypertension, lower creatinine clearance, and greater urinary albumin excretion than patients with suppressed plasma renin. These findings suggest the presence of more severe structural, hypertension-related, renal damage in patients with primary aldosteronism and measurable renin, a possibility that is supported also from the follow-up data. In the first 6 mo after treatment, the magnitude of the decline in hyperfiltration and albuminuria was significantly lower in patients with higher pretreatment renin levels, showing that the degree of reversibility of renal damage is significantly smaller when renin is not suppressed.
Hypertension may persist after adequate treatment of aldosteronism, and only approximately one third of such patients normalize BP without the use of additional antihypertensive agents (34, 40) . In our prospective study, 39% of patients with primary aldosteronism had their BP normalized by treatment, with the remaining 61% requiring persistent use of one or more antihypertensive agents. Retrospective studies identified younger age, shorter duration of disease, and milder antihypertensive therapy as factors that were associated with resolution of hypertension after correction of primary aldosteronism (34, (41) (42) (43) (44) . Our patients with measurable plasma renin had higher baseline BP than patients with suppressed renin and reached comparable BP levels during follow-up but at the Figure 3 . Values (means Ϯ SEM) of mean BP, plasma potassium, GFR, and albuminuria (UA:UCr) in 56 patients who had primary aldosteronism and were treated with adrenalectomy (n ϭ 25) or mineralocorticoid antagonists (n ϭ 31). Thirty patients had adrenal adenoma, and 26 had idiopathic aldosteronism. Of the 30 patients with adrenal adenoma, 25 underwent either surgical or laparoscopic adrenalectomy; among the remaining five patients, two had bilateral adenoma and three refused surgery and were treated with spironolactone. Short-term and long-term follow-up measurements were done after 6 mo and after an average period of 6.2 yr (range 1 to 11 yr), respectively. expense of a heavier antihypertensive treatment (2.4 versus 2.0 antihypertensive drugs, respectively). Also, normalization of BP after adrenalectomy or treatment with spironolactone was more frequent in patients with suppressed baseline plasma renin. Thus, higher pretreatment plasma renin levels predict lower percentage of cure of aldosteronism and greater need for antihypertensive agents to reach adequate control of BP. Consistent with these findings, lower pretreatment renin levels were reported in patients who had adrenal adenoma and in whom hypertension was cured by adrenalectomy (34) .
An elevated plasma aldosterone-to-plasma renin ratio is an indicator of autonomous aldosterone secretion and is widely used as a screening test for primary aldosteronism (2, 4, 5) . Our results indicate that some patients with primary aldosteronism might differ in some respects from the majority of patients with this endocrine disorder, inasmuch as development of intrarenal vascular damage, occurring as a complication of severe hypertension, may lead to a reversal of renin suppression, a condition that may veil the typical hormonal characteristics of this clinical condition. Although, as in our patients, the aldosterone-torenin ratio can be increased even in the absence of a suppressed plasma renin, this possibility should be kept in mind while performing the diagnostic workup of hypertensive patients, and appropriate use of well-established confirmatory tests, such as the saline infusion or fludrocortisone test, should be considered (45) .
Some limitations of this study need to be underlined. First, similar to most studies that included patients with idiopathic aldosteronism (34, 36, 46) , we might have underestimated the number of patients with adrenal adenoma. We performed selective adrenal vein sampling in only 14 of our patients, whereas, in the remaining 42, discrimination from idiopathic disease was based on CT evidence of adrenal masses and adrenal scintigraphy. However, in this respect, it is important to notice that in our study, as in those studies, no significant differences in duration of hypertension, BP levels, and renal function parameters were observed between the two primary aldosteronism subtypes. Also, we found no difference in outcomes between patients who were treated with adrenalectomy or aldosterone antagonists (Figure 3) . Second, the use of certain drugs, such as blockers of the renin-angiotensin system, might have influenced renal outcomes, although separate analysis of patients who were and were not taking these types of medications did not show significant differences.
Two different aspects should be taken into account when considering the effects of aldosteronism on the kidney on which we might speculate (Figure 4) . On the one hand, there are functional adaptations that are induced by increased renal sodium reabsorption and lead to expansion of extracellular volume, hypertension, increased renal perfusion pressure, and suppression of renin with decreased intrarenal vascular resistance (39) . These changes result in glomerular hyperfiltration and increased sodium excretion, with recovery of a steady state. On the other hand, there is structural damage, involving primarily the intrarenal vessels, that might result from chronic hypertensive insult and direct untoward effects of aldosterone (9, 10) . This might lead to decreased glomerular perfusion and stimulation of renin production that escapes from suppression by excess plasma aldosterone. In this view, lack of complete renin suppression could be a marker of a progressed stadium of the disease, and this would be supported by our observation of more severe hypertension and longer duration of disease in patients with detectable plasma renin. An alternative explanation could be that these patients had less aldosterone excess, which would explain incomplete renin suppression, lesser dependence of high BP from aldosterone-mediated mechanisms, Figure 4 . Proposed mechanism for renal functional adaptation and structural damage in primary aldosteronism. ECV, extracellular fluid volume. and lower reduction of creatinine clearance with treatment. Although presence of a trend to lower plasma aldosterone in these patients could support this possibility, it should be noted that baseline BP was significantly higher and duration of disease was significantly longer than in patients with suppressed renin and that patients with the lowest GFR in our cohort ( Figure 1 ) had plasma aldosterone concentrations at the top of the distribution.
Conclusion
Detection of advanced renal disease is not a frequent event in patients with primary aldosteronism. In these patients, escape of renin from suppression by excess aldosterone might be the marker of structural renal damage that occurs as a consequence of hypertension-mediated intrarenal vascular injury and predicts worse BP and renal outcomes after either surgical or medical treatment. Timely identification of primary aldosteronism is important to maximize the benefits of treatment.
